<19>H*BMHW (JP) 02) & US # tf= £fc $g (A) 01)*»lPfiW&|»#^ 

#^2000-323733 
(P2000 -323733A) 

(43)&|8B ¥J$12*FH.B24B (2000. 11.24) 

(51)lntCL T Si3iJ£^ FI r-73-r(##) 

H 0 1 L 31/04 H01L 31/04 E 5 F 0 5 1 



msmjk m m$m<D8a9 ol (±13 h) 



(2Diaa#^ 


#H2000-57481(P2000-57481) 


(71)tU®A 


000005821 










(22)tf«BB 


¥fifcl24p 3 H 2 B (2000. 3. 2) 










(72)fg9|# 


«± 


(31)«5fe|g*®»# 


*SH¥1 1-58768 




A^FWrfrA^PWlOOBSiS t&TS« 


(32)«3fcB 


¥f£ll*P3Ji 5 3(1999.3.5) 






(33)«5B&£35B 


B* (JP) 


(72)559H# 










ARtffPWtTfjA^pmiOOeSJS fe v Tmg 














(74) A 


100095555 








#a± aw -sum tni«) 











(54) [$8w©**w ±mmt& 



cs7) imm] 

fc"F«MilRl2, vT&D^mfomi 3 (ffi2<Z>¥&ft: 
S) > niTOSlH (llff)^Wi) , _kg&m 
4SKi 5*jJ:oK*ffiftititi 6 b. ±MWmmi 5±ic 
ffM£Hfc& ►) m LS® 1 7 1 1 3 tt 

C d «r£4i\ ^Nf#:® 1 4 Iift85i&jf T-;fc *> . ¥mft 

^sfp^x! (ev) t ¥m&m 1 3 <rm&matix 

, (eV) iri^ 0=£ (z,- Zl ) <0. 5 0|»R«M 




C2) 

X 

mim 1 1 zimvs>zm 1 <D^mm t p 

jS2©2NMWBi:«r&*, fluted 1 ©¥*«f irSufES? 

gtilE^ 1 <D¥&fl«0*»J?&<@E g l t fllRBgl 2 
WlcO^SiJ^itrsE k, irtfS, E gl > E g, ©BWfcfcSllfc 
U 10 
BuIBBl^^^Jl^mTF^fD^X! (eV) bttSSSM 
20^^S0«^fD^( Xj (eV) fcsJS, 0^ (xz 
<0. 5<oB8»«ri*fc-rr. b*¥fmb-F?>±m 

m&s. 3 1 musts i (D^mwm tmsm 2 

mm3<Dim»m<7)mm&E Kj ^mnamMBE 20 
gJ a». e g, >e g 2 ©B8«*i«tiit5fcs 1 2 

im$m 5 1 iuiE« 3 «^i©^f»* x 

, (eV) t*ui5m-T^fP* bi>k (xi-x,) § 

0. 5©§WSfc«fcU 

itt*# 7 1 nfrtass 1 <D¥m»m t mm 2 

JlioWtc, 8S8W 3: $6 

z)\ E g, , s > E g, ©BB»Sr»8fc-rt»*a 1 Sfctt 2 H 

laBtofcHHWib. 40 

[«*IS8] fflBMSBW^iRHflrtlxx.t (eV) 
kw8£&=H8%Q?}x 1 b&. (%2 — Xns) SO. 5© 
BWWflt/fcU 

[ff*il9] BUSSES A1,0„ Ga.O,, S 

1, N. , Sid, Mg F 2 fcittMR O^PjigtfttS^ 

[»#« 1 0 ] gljfEm 2 ©^Witf, SufElfl 1 (D* so 
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izjM *.51*Jfc® IS felt 2 fCfQigiT^&i®!!!, 

in b ^7c«*J cfctAa b«?7c*^tHb^#>¥^*ST- 
*>SH*#S l fcv * L l 0 ©v ^-fyxd^cfattoid&^tho 

l 2 ] lusfiM 1 Z n £-^tHfc 

ft sssfc&S i ftt, > l 1 1 ©v 

[S*«14] *MEft£4to4S, -^Zn^.AxO 
(/cfcU StAliBe, Mg, Ca, SrfciOTa 
J6»&»tflt54«3: < 1 1>— offe 9 , 0 < X < 1 Tfc 

1 5 ] i|fj|E7cStA;$5M RT-feO. |tj^X/5S 0 

< x < o . 5 <Dm£*miz.-m?m. 1 4 icis*o*ms 

[tt^l 1 6 ] Z n i: in b ^tc* fc 

[?I*S17] iflte'fb-g*^ — KZn,B 1 .„0 
CfcftTU 7c*Bf*Al, GaioXTfl nti^mt 

JxS'>'i<it) — ^-efoo. o<y<i-cs>5o ) x*^ 

[8**« 18] p JI^JtRJDOB t H5iE3t®ilXg fSBSH 

was#m#m&* -^z ni . t c t o (fc^u, tep^c 

HBe, Mg, Ca, S r *3 itPB a A^iliiH-S^ 

< b t-ot'fc 9 , 0 < Z < 1 X*1h% 0 ) X^i&ti&m 

IUS*3R i 9 ] tft*ttmCA$M g Xib Ks , mJlS Z fl* 0 

< Z < 0 . 5 WBB»S«fc-rBI*3K 1 8 tc|B«©^m* 

[00011 

Wtcfciiff, I b^irnibi^ivibSeirSr&tHb-a 
[0 0 0 2] 

iw&DfflR] i bi^Tt*, in b wmm&.t.zfvi b m 

¥m-Wm&) T'feSCu I nSe.I («T, C I SJgl 
b^^oW&ti^hZ) foStSiCu (In, Ga) Se, 
m (WT, C I GSmtVx 5*^7)5fc5.) *3tRiWiK 



3 

[0 0 0 3] *HMKfe-«4. Sl^iC, 3fc®H3Uic7?^ij 
1 . 4 e V~ 1 . 5 e VcD®HrtT*£>-5 £ # Id, 

*t*v^Qtea*SS»e>*U»iSix-cv^. CIGSH 
Sr/Bv >fc*i®t©i^li, Gail n©tt?^fi5 

ittao T^mi«rfM{^--5 - 1 as "We-cfc *> , g 

a/ (In + Ga) 4>l)|C?flB&* 0 . 5~0. 8<£>i# 

$8M#ffi*Sl. 4eV~l. 5eVt^ 
[0004] 

[JB91#MKLJ:? it«HB U^Lto^ 
CIGS^iiftflt CIGSW©*SW»«dSl. 2 
eV~l. 3eVCDffi|S (*tUi, Ga/ (In+G 
a) om^ctbJSO. 2 — 0. 3T'$,§CIGSlira 

jests) -c*t>iisv^aftsa**s»6n-5. ffiraciG 

S G a igg£i«ra£irrC I G S^W» 

[0005] *fc, mEW.&&ftr^^mmwmm<Dc 

I GS^maifefi, aWT?*>5Cdsai3tS»WiT?«> 
5CIGSJIi>^^ng?#£«;L3o ffi*F, at 

^Jfe^TOM-^^C d S^fflV^NC IGSiBift 
&iZg£tLT&K). CdS<Dttt><9izBSbVXZnO 

^^^srfflv^5c i Gs±wmmm^m^thx 

V^o Ld^bJfezJSCj, ^£S»±C dSBI&fflV 

[0 0 0 6] ±IEPo1SSr^-r2)fc«), ^USEfS, on 
»S-SiK^t-5s|*SWWB*scdSfllSr$*T, A^fti 

[0007] 

[HMB«^«H-Sfc«>w#a:l ±f5@ft£iij5jcT-5fc*!> 
V ^5*»Wfc-C*>oT, SfJf5* 1 O^WltiC d ^ 

ST. Bfrasjg 2 <ntm#mim<!&i&mxib 19 , wiefci 
w^WiiT^jftiti e K 1 fc ifflfE* 2 w^^iiro* 

ftJ^E k , i 2*, Eri>Ekj ©Hff fcfflWfc U ftufS 
»l<©^#:iiroa^«?p^ %l (eV) tmm2(D 

tmfmvwxmatix, (evi o=s 

1) <o. 5<D$m&mti-tz.i:&vmt-i-z> a ±ssm 

m^tiii. 0 n^£fiMrt-£^#g;4Sc dS^ 

[0008] ±15* 1 <©*JMKfe-W4. striS* 1 
«f2\ |fIf^2©^#«J;*)'b3tAWfl|iJ{c:^$tt 

So 

[0009] ±15* 1 <D±WiW&X-te. huIEM 1 
W§irB0fE^2O#^«ii:<oraic. l3W4^fti5r 
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[0010] ±|5* 1 0*HMt?6-CT±, iifjf5*3 <£>¥3I 
n WSflsS JtliiSW^ft^V Tn^<b 

[0011] ±15* 1 ©jWWWfrWi. milE* 3 tfo^ig 

id im^mr-mm * , ( e v) t mBranftrt * , t 

*> s > SO. 5©l3fiES^«fcU mJiS*3GD 

^Wm<OWm& 5 0 n mJ^T-CfcS ' t AWSi U \ 

[0012] ±ts* i <D±mm&x-iz. sfjfE^3 <D¥m 

ZnteiWrnb«i7aifiS»&gBih,S^jfc<fc 
t— ^XDym^&tsmm}, ifoSMiZ n*3 «tU«in b 

20 y Wk;^-t?*>5 n t * sjfj >„ 

[ooi3] ±E3B i «>*iii«fe-ett» ttmrn 1 

k&s E g , . 5 > E e , ©iieitt i t 

[0014] ±E* 1 <0*BMW6'm, BufE^Hom 
-T-^fD^xj.s (eV) tBtjfEm : ?MfD^ix 2 ids, 

.-x,. s ) so. 5cdi^£?wcu wiafen^w^s: 

[0015] ±JB$B 1 <D*^flm-C«, BfFiai^as, 

A 1 ! O, > GaiO,, S ijN,, SiOj, MgF, *J«t 

UM« Oii^Ki^'M< i fc-o^^js^^i 

[ooi6] ±izmi(D s mftmx~te. mm2 

[0 0 17] Sfc, ±JE8B 1 «>*HWffiT?tt, mnSm2 

<D¥$mm-t>K i b^Tc*. m b mtm&£.rj\rx b m 
Ttm^tsit-^^mmx^ - 1 *w s uv \ ±ie 

[ooi8] -ate. ±15* i coMBimmxi^ mem 1 

50 v\> ±!5«^{cj:oT. p nS&WS^!)! 



C4) 

5 

c d s $r£*-r, iirm&as&i&wto ^xmwmm 

[0 0 19] ±KJRl©*BMt»-eH:» iufBfbS- 

i II a Sot* £ S^tf f^\Y£MX& -5 i i: 2)5£f 

[0020] ±15^ i <D±mmm-?te. 

mtiK -«Zn 1 .„A,0 (tztZU 7C*A«Be, M 
s, Ca, S r&itfB a*'f>im5'>i< irfc — o 
T'fctK 0<X<l-efc-5 o ) -e«Stl,«iWfc3ftS:^E 10 

[0 02 1] Jil5^lcD*^flJ&-Cf±. StlfSTE* 

AiSM K t?foiJ, |fJf5X^0<X<0. 5<Dti$fc&ffifz 

[0022] ±|H3B 1 ©*M«Mn?.±» BfJlBfb£- 
W Zntnib«SSRtSr*tl8Mt«». fcfcVttZ 20 
n tin b b £#ir>& /w=» t 
iSjfSLV^ JifBtfteScicioT. p ng^SrJgfi&TS^ 

[0 0 2 3] ±1EJfSlO*HMtife-«±, flWBffc-S- 

— «S5£Zn r B.^rO,.,, (fcfcU SSlBfiA 
K G a &£Xfi I na^Iim5'M< i: fc— 
9. 0<Y<lT*$>S o ) TS$n<5^fb!fe^^9-i: 
tilWJU^. -hIEia&iCioT, I2©¥»ft 

m i »^ #Ji05*HBStfj s^b $ r t &x*z , 

[0024] :*3S9i<E>S& 2 (DttMmtte. p fl£E>3fc®lfc 
C z O (fctff U 7t?!f CliB e, Mr, Ca, S r *J<t 

■cb a a*e,aw3x54«fc< 1 1— o-e& 9 , o < z < 1 

>-T5o ±IESB2©*HWt?fe-eH:, &V t L-C«flfrt-$ 
[0025] ±ffi?S 2 <©±HWitt"CTi % BtSETatCtfSM 

Rtfcti, ftutez^o<z<o. 5 ©§8G*£*fc-r r t 

[0 0 2 6] 

[0027] (ussf^i i ) %t&gj|g i T-t±, *mm<D 
xmwtuc^^x, -w&mit& B mmmixix so 
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[0028] mumm 1 w^Btimt-oi vr, s i \zm 
wm*7rrr<, mi^#Bs.LT, mmmi<?>±mmftLi 

0Ji, »K1 It, S*S1 l±icIii^ag^tifcTSl5m 

^sii 2. ¥3ifj£j!i 3 («2(75^#:ji) , ¥m&m 
14 (mico^^s) . ±gum^i stexvmm 

Ml 7b^^„ f£fc>*>. *a»«Bl4tt, 
[0 0 2 9] £Klltett v 1tb ^fVl^ 

tfysfs. mteb-*m\<*?>zb&X'Zz 0 

[0 0 3 0] TSBSlH&l 2lcf±, fcfcjtfiMoiO^fc 
[003 1] ¥^W§ 1 3 (ft2<a¥tffft|f) (4. 5feK 

^mwm 1 3 1 4 j: *» tMnjicga 

a^nrv^, 1 3 ia±, fcir^ti, i bWvt 

iff, IIIb@57^*J<t?JVlbS57^^tHb^4&¥^#: 
SSrffiV^^t/jST'*, CuInSe,, C 

u (In, Ga) Se 2> CuInS,, Cu (In, G 
a) S, /iif&fflV ^Z.b &X-£ Z> a *ib\ **#:^1 
3 tt, 1 41RiJ(75^E(c, i 3 a 

(«x.-c^-ci>j;v^ (&rF<ommmic^>xmmx'h 

•5) . ^ffi^Wl 13a &ffiiLZ>tt§iWffill 0 a WSf 
ffiElSr. @2i-Trf„ ^S^^:® 1 3alt njf^^ 
ftS^fcttiS^C (WTimn 0 4 Qcm&Lh) <7?^ 
#:^T-fc5„ ^S^^frJlt LTtt, fciiKCu 

In,Se,^Cu (In, Ga) .Se^W^M. 

[0 0 3 2] ^#114 (miro^#:S) (4, 

i-xmmtZo *m#mi4\±* nm<r>^mwmxh 

*m&m 1 4 »4C d Sr&*/j:v > «7c**/-(i K 

h t Lx-g-s/ii ^ . *mftm 1 4 f^ii, tzb± 

tf, ZnS^tHb-§*SrfflV^itiS^5. Zn^ 

trtk&fob LXii. fzbz-it. Zn knaB9imb>fr& 
tm\dh*iitt±*frar>te&k* Mi, Zntn 
ib^jESdi Sr-^tfSfefk*bfc5vsi*/Vny Wb^4&Sr 

n t . x A x O (fdfd'U TC^AfiBe, Mr. Ca, Sr 
fci^Ba^P>®(iH-5^< >t>— oT-fc?), 0<X 
<lT*fo5o ) T*^n-5ffi5ft**ifife5> (It#*fl5 9 
0wt%»±) t-rS'fb^SrfflV^iidSTtSo r 
7C^AO#^fi, 0. la t%WJiT'fc-Sr 
t*W$LV\ *7t. -SKZ^BlmOj.,, Cfcfc 
U 7tiB(iAK GafcWI nd^®liix5 / >^< 
tfc-offcO, 0<Y<lt*5„ ) T^$H'5^(b 
(ttW9 0wt%W±) b-rz-it&toZ 
ffl^TU^. rco»^-. 7E*B0?£*r*W:. 5a t% 
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[0033] Wmm 1 <0>fcMft 1 0 T-fi. 
1 3 (Dmtlffl&E g, <t¥3**i 1 4 rogMKE gl £ 

(VW^imitix, (eV) t^*Sl4«lfSfDA 
(eV) tjjs, 0^ ( Xl -xi) <0. 5C0&g{££- 

[0034] ±Mmmmi5\x mmmm^xh'o, tz 

t x.f£ ZnOtAl!)S K-7*$tUfc ZnO:Al^ 
I TO (Indium Tin Oxide) 41^3 
Z.bt^X'^=b 0 10 
[0 0 3 5] mmiSMl 6(2. >_Sl$«®g|l 5©M 

Jll 5*5 1 TO^Z nO : A 1 ^5^11 tcbx. 

[0 0 3 6] WLVBH-WMl 7}Cii. fct^tiNi Cr 

iiA uii Lfc^sm^v *a r t 5. 

[0 0 3 7] 1 0 (DS!at^&CO-^liC-o 

[0 0 3 8] *t\ fcir^i^y^y^fe^g^iSfe 

mi zuctmtomiAtt&i&tz. 

«15S^rW"5. fct^LWW-T-ir— ^JiaBfe 

"C> *BWtffil OS^tT?**. 1305 30 

mxm&x-tZo 

[0039] XMWfi&l 1 o ro— #jt;:ov >x, Km 

EI3lc9B*8»=jj*-r o ftfc, Hl3T*{i, ffftll 
3^Cu (In, Ga) Se,t?*j«J, ^#613 0 
*Sfc. ^ffi^*JSl 3 a-CfcSCu (In, Ga) 
, S e , tiy&&£h,X\ ^-5»^(COV vf^ LT</ ^2>« 

[0040] &fc. 3tSSHXS-C*fc5¥^ft:® 1 3 ICC I 
GS^SrffiVfc*ffl®t^J|ci:oT, 0© 40 

[004 1] mmm^c i g sassr^v 

ffefcfcv vc. C I G S jRO^JflNgS: 1 . 3 e V&LBc 

otbT, ft9MXJlT-$>5C I GSJglirgUlT'ifcSCd 
SM£CD^n^JC:fctt&te*^<D^v'l':¥-il (;*- 
7-fej/h) ^JfWSnTi/^o ^/u^/UTjt^y (e. H 
erberholz) C I G SSS^GDl^H&fct: 50 
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{Ga/ (In + Ga) } <0. 5CD#£-(;:|*. CdS 
<D&m&bC IGSO^fi:©t7t-> h»Cj:S^>- 
K«*RS9b5 s C d S©e*flfas«P*,±*SoTSS^ifi»-C 
eaWSr*s^ffii-5^-!-f^tti:**). BflSJt {Ga/ 

(In+Ga) ) >0. 5 Ti*C I G S«©g3JSiJSj$ 
*>_b45oTC d S ©fi*#£ C I G S ©e*«ri: -CSKS 

(y— 7 ^v 7 — vfyjAX zvk y— 7 

ir/l^X, Solar Energy Material 
s and Solar Cells, 1 9 9 7^%fiJ 
4 9^3^-2 2 7H) 0 CdStCI G S b <0*7-& y 
htfXs<4?Vtkt£:Z>tZCD/<>-h°m$:m4 (a) 
CdStCI GSt©^7ty M?^y y«i:^6ir# 
CO/O Vm&m4 (b) lC7jrr o rc0^-7VU-T?|i, 

m&T-rz>z.b&m&£tLX\,^ ^emMtbrnm^c 

IGSJKeo^iJflfitS^l. 2eV~l. 3eVT'fe-5» 
•a-*#x5> i , ^Jl-Cfc^ C d Sfll^r Z n OJKldft/tfc 
*&£-{£t±. Z n OHi C I GSKi <D&3ffiV>'<^ K^F 
iStttt. C I G S8t©esW*is«F*>_bas-5 ^5 7«i4 

[0042] CI CO J; 5 a^-tOfe^^CDx^V K^F 

^WBr<0?Rj8l^^y7«t*6. df, Ga 
Sr^TU>S:v^Cu I nSe.^CdSi©^^ 
OTP0F.fi. CdS (D^m^ 0. 2eV~0. 3eV/|^ 

iCdS{||;^^«!4C5 0 UA«L4a»s&. Ga?g 
^sJt*pi-5{c:ojxc I GSoym=&&fch\*'b& < ?i 

5„ Lfc^oT, fc^GajUgmiTii, CdScom-? 
IGSffiilid^y 7^C-5„ 

[0043] Sfc, ®e t C I G SKcox<>- K^FS^CO 

jp^t^s t c i g s^©mT-SfD^{c^ie$H-5o r 

r-C. SUii:L-CCdS«tZnOIBIS:JtlW5 4:» Z 
n Oco^z)5 CdSit) ®^WJ*^ 0 . 4 e 1/ > 

fcaoiC. G a <OftV ^CuInSe, ^T't>—^ nS^-Sr 

[0 0 4 4] ^Soa^^D^iasjtKJlSOlO-?: 

#?r#x.5>» CdStC I G SCD^MVU^— Mli^O . 
2 e V~ 0 . 3 e VX'fe r> , ^ y Tffc^COfSlglCfiii 
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C I G St©x^/^-Sll|5] 1 . 6 e V* <0 . «g 

fe<fe-5. LfczJSoT, »a33(4{g:T1-5„ roi? 

14, !KSS**s»e>lxS3i*/u=¥-36 (t7tyh) roft 
SCT^fc 5 - i as mSbffim l o*»«6tt» . 
JdB*B8«SH£#lfcLT2NtffclBl 3 GfcKifcS) :te4 
V^ftl i 4 Qgj» <D«3*?ta43J:W*BH^£ 
^UTv^ 0 LfcsflSoT. IOISN8lw*HMKlblO ID 
T*i4, #i»ffcJi 1 3 k*mftm 1 4 4r«3S#»aD»C*Mt 

10 0 4 5] WJbBMIi L-fc «fc 5 fc, ±!&Efi&l$j& 1 (0± 

*-cfc3*»Wfca«»e>*L*. fete, jbfa^i©^ffiT* 

14, ft 1 «s JK 2 ro#*«i 3feA*t«c 

i2fi^4xT^^^t"o^Tttt^Lfc755, fgiro^ft: 

[0046] (mmm 2 > letee^ag 2 -c-14. *mw<n 20 

*HWEfcfcovvc. tow— fll«:tft9H-S. 

[0 0 4 7] ^!S?^ffi2C0*^m? ! l!i2 0!^oi/^T, #r® 
SSria 5 (c^-r o ^S£^ffi2©±^«th,2 0t^ 

ti 1 (Dismmm lotttMvx. ^m^m 2 1 &mz.z 
£o*3*jifes fr!t>mg.-t&m.mt-33m-rz> a 

[0 0 4 8] *mvm2 1 (Jg3ro¥##S) f4, ^ 
#« 1 3 i ¥#ffcli 1 4 fc roRai;3Ee£*VCI> >5 0 ¥^ 

1*121 <Dmt\mg>t r , > 1 3 QgnymiE 
k. tti* e r 3 >e Kl (omnzmtt-to m3<nimte 

MtVXtes fzbx.ti, Zn&£XmibWoc%frt>m 30 

¥SWOT 2 1 i: LT, S nO, £ffli^Tt>4l\ 
[0 0 4 9] fete, ¥«tN2 10tf«Mx, (e 
V) t!|siftSl3WtT«firt tl ti5, — 
x,) SO. 5©Bflff*S9fci-r.i34^f*U\, 
^ffcB 2 1 ©JRWM:, 5 0 n mtXYX'hh Z. b tftfrt. 
U\ ¥*f<*ji2l£LTt:i:. fc£;tt4\ Zn (O, 
S) JUSrffll/vSrirriS-etSo lif, Zn (O, S) 40 
bti. ZntOiSA^^ft^TC'feot, Zn-O 

[0 0 5 0] ±mW&2 014, Hffi^®lT-tft^L-fc± 

H^io£H^#«fc-e»iS-e*3. fete, 

2 1 (4, fc t x.l4{k^fftafe^»fetc 4 o T?&£T*# 

[0051] ±%&mm 2 ro^m 2 0 ^4*u£, 

^ItLTCdSlrlV^ K^feid^Sfe)^ <b*L 
[0 0 5 2] &ER9|gflB3) 3«©gffi3-Wi, 50 
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[0 0 5 3] 3£SS^3<D:*:I5§S?&3 Olciovv-C\ Erffi 

6 [ztfrto msmm 3 ©*^®ai 3 0 (4, mm 
m 1 co±m^k 1 0 1 Jtts: lt, jMuue 3 1 

[0 0 5 4] «gftll3 1©^§iJ^SEr 1>s dr^Wg 
1 3 ^HtffiWE K, (4, E gms >Ekj ©BBW&Stft 
"To ii&llUi 3 1 i: LTf4. fcirx.fi. Al a O,. Ga, 
O,, Si,N t , S i O,, MKF,*54l>TVlR075^lbil 

i»-5W< t t^«Mfe»»tt»e>feSiits»ii*m^ 

~b&X'ZZ a 

[0 0 5 5] fete. «£HI3 l©i»x„ s b¥ 
miffil 2<Mt&m&3x t t<4, (x- x,„s) S 
0. 5©B8fllSrSlfc'r^i«W*Uuv *fe»Ji3 
1 ©^9914 5 0 n mUiT-Cfo 51t L-l/ \, 

[00 56] ±^®&3 0 14, Hife^ffi 1 VWim l>tz± 

mw%L 10 b m%?>jm-?$m-eg z>„ fete, ^ayi3 

1 {4, 1Zbx.ti*'<y9 y iotffM 

[0057] ±g£mmmm 3 co^msffi 3 0 \z ±tu^ 

[0 0 5 8] 

W l,£i±mW& 1 0 a 1COV >T, #*ft:Jl 1 3 OfiilS 
t^ftll 4V)&m-mbV>X"7-t<y b^it^ittzb 

[00 59] ^Sfe^lJ 1 roff^T-{4, )t®ltZJlT-$>5^ 
ftfl 1 3 {r^ij^gE Kl it 1 . 2 e V-cm^^B^^ 
x.CDCu (In, Ga) Se,! (CIGSD Srffl^ 

fc„ r roc 1 g s^ro^sscfi, i 3 a -c 

fc-5Cu (In, Ga) , S e,m&Mf$.£tlX<<^b L 
Tff^Lfc. ^l-efc5¥«««14{a4, Zn 

OtBg^LV^iJ^RH 0^3. 2eV) 

fp^^xx-efc-S^^S^fflv^ ^-*ro«K?:{4Ci 

GSiJS2um,«ifi8iffc5Cu (In. Ga) 
, S e 5 if^2 0 nm, ^Jlz55o. l u mt*5, 
[0060] -t L"C, #W*S 1 3 <Dfflffib*mtm 

i4<7)Bgffib<r>7t-7-tvb (.xt-xi) (D^zm^ 
#2»#:Ji 1 3 1 4<Dnrf-mv?)<Dm. 

*mt£*tX±mWmm£<DVr£.*:ft-r>t^ fete. tfX 
"CI4, IIMftil3a-efc5Cu (In, Ga) , 
Se,g>^W114i:ro^®tc > ^IfeSMBtU, ^ 

[0 0 6 1] fm^£m7te4t*m8ic?f:-fo mm 
(a) (4^sm»fi^^ (jse) . (b) itrnmms. 

(V.e) , H8ro (a) lift^HT- (FF) , (b) ti 

(Efficiency) Sr^LTI/^o 
[0 0 6 2 ] *r» fii»«r©d-7-fey h (C o n d u c 
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tion Band Offset) ot 9 , & 

JIcottT-gJfttfjzisc I G S Srof^SSi^ J: 9 * 
i:, J sc t±7i-7± v V 1MMiZk& < ft -3 

atLT. Voc tFFI4t7ty h^At-^ < ft 5 tft 

WU Jsc tFF(±t7ty h^SO. 5eVKlhlc4 
5i^lcj^'>1-3o r*ili. ^-7ir-yh^o. 5eV 

t>, m^Sfcti/jK ^Sfc«)t?fe5o GLh<o^i:*>P>, 

5 eVWTir-TSrt trior, tti^*ifr^;ttMN&ri' 

[0 0 6 3] ^mowmmkciGsmpm 

3h7iryhf±0. 2eV~0. 3eVT*fo*3. 

IlCZnOSrfflV^^H:, bttm~0. 2e 

V fc * 9 . C d S £JSl 7 0 %KHSTT 5 £ 

£ asters. 

[0 0 6 4] cr-e, asi:/«c50f±, ^Kiisus^m^- 

SlCtt. (eV) -es>53t»iRji»ca* 

UTfi. 0g <0. 5 0f£L<tt» 0^ 

<o. 4) (owm.^mtz.-irm^mttyLi 

Sr*T5JSUi*i»R-r*jK**s*>5. fct^ff. CIG 
SJBI©Ga^Sr^k**5t^Wlf«»«ii^:U *>*o 

^ir^i^/^-jc^-rs^ijffl+isr^rrsc i g 

S Jg|Jc:*f LT t n&ffi Qjimfr 0 e V~ 0 . 5 e V^rt 

[0065] ft**, - mmm & ft 5 

#iLt, ^ffiiCn^Cu (In, Ga) .Se^K 
JiMStvfcC I GSJK£r<E£Lfc3\ njfcc I GSHi; 

Cu (In, Ga) S, WXWoitfzvWC I GSJISS: 

[0066] (njfe#j 2) mmm 2 -cr*, *i\ 

J114 mm) i *5 Z n, ., Mg» ORWf^S^iU! 
^oviti^. Zn^.MK.OfcZnO^-y 

fco ZnirMRfiDfflj^lttt, 2i<D9—?y h~Z\W 
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«UfcZn 1 .,,MK,Offl6z)Xj||Ha»rMft*»e>, X#0. 
3 (Zn„. 7 M K0 .,O) S-Cttcfftic3i<ga[^Lfc*- 
tiXfot), XfcO. 5 (Zn 0 . 5 MK.. 5 O) ifli, Z 

MK.ORSrfflV^il^aBfifelti: LTfi. 0<X< 
0. 5 coffiBTiW* U \, 
10 [0 0 6 71 RJC X tefiWt©a/«C-5Z ni., Mr, OW© 

tt^iRflMfc&*1-. ftfcfifcJfcfcistt SBtteov ^t7n 

tbiZ.h&X'ZZ. ZnOc^yK^ty7iJ« 
3 . 2 4 e VT'fc 0, Me to&mm&motZ iCo^Jt 

[0 0 6 8] ^f, Znu.Ms^iOMgtW* 
aftb$*fci#®, CIGSJUom^MfnTliZn^, 

&%k*m i o t^-r 0 ^Troi^f-tTofe, s 

"f*, 3t^5)-3t^^ffi (XPS) ^fflV^ Z ni .,M 
k. O^i: C I G S^^ft^rTUCot ^-C v 1©3 t u 
^A-ifffi^F-fifOlUc (Valence Band M 
ax imum) t©l (E va " cu ) SrjWlJtLfco 
30 S»Ht*a>P,, Znu.Mg.ORirC I GSKi©^7 
w</ucdM (AE (t ) 5r*st)fco rixbOflSSrtlT^ 

(i) ^mm-rzz. t iot, zn^MgxOitci 

G S J^<t cOffim^© U^l^AE, (Valence 

Band Offset) iflSsfcJO&ita. «T 
W^: (2) iCioT, Zn^xMR^ItCIGSHi: 

g.Olro^yh^iryyEg (ZnMgO) tCIG 
SWWV^K^y^E* (CIGS) ttt, )f^8# 

(1) AE v =E v, " ct (CIGS) -E"" £l (Zn 
MgO) -AE cl 

(2) AE c =Ee (ZnMgO) -Eg (CIG 
S) -AEv 

(UPS) ^ffl^Tttf-^-r§^t^T-t3o UPSS 
50 [0069] Mr (0&&!&&mt £ *±tz&f(0±Wi 
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[oo7o] mtmz-vn* mmm 2 <n±mwm 2 0 

3atLT, CdSra-W^itfcCu (In, Ga) Se 
£fc, IBft«l2^*iiWfe-ei4 % ^flc 

[0 0 7 1] Hfe#j2Tte:, *i\ #7*»R±iatfo 
WBK&JI&*U ^±{^#113 06RJKJD £ 
toCu (In,.,Ga,. J ) Se, (CIGS)BIS^ 10 
jSUfco MoR&Jz^Cu (In, Ga) Se 2 » 
WTO^T'ft^Ufc (Japanese Journ 
al of Applied Physics, 199 
5^ 3 44 L1141#i) 0 if. MollllAr 

Um-CfeofCo Cu (In, Ga) Se 2 l 

MoI(D±[:»ffi3 5 0°CICT (In, Ga) 2 S 
e 3 I«U StfC. fB2««i:L-C 5 0 

onXbl^LTCu, SeSr^LTCuiiP^e; 20 
cOCu (In, Ga) S e , KSrJBrii Lfco SftlC, US 
3ilitLt, LfcS £ , In, Ga*> 

.ttJ^S eSrW«FfC3BMPUT^L (In, Ga) ftSiffiMft 
W^)Cu (In, Ga) S e a JBtSrJBfifcbfco Cu 
(In, Ga) S e 1 KK>JRI»4*?3 2 am"CS>ofco 
[0072] 9:^ ±ffiC I G Sm&$m# K^^t 

rv^-rcoTki^^^ftLT, c i GSR<&SffiK, 

CdSrK— /t/cCu (In, Ga) Se,^&45* 

#12 1 (/<y7r-i) ttoZn (O, S) R <R 30 
1 0 nm) Srftl^fttSte^JzoT^brCo r<£>Z n • 
(O, S) /^^^r— «^*RMfP*«:C IGSRO® 
^F^StfjJ^O. 5eV£JLb/hS<, Zn (O, S) R 

coe#^ c i g s m<Dizm& <o & ^ 

[0 0 7 3] Zn (O, S) ^co±tC^«i 

14 OBCII) fcLT, MROttW^iSZm.xM 
KxOR 08350. Um) SrJg^Lfco Zn M M« x 

obi li^osrtfe-ejiwtLfc. ^{$jii4 

±{C. JrSMHSRl 5 fcLTI TOR (SSmo. lu 40 
m) ^^y^SCiotWlt ± 
ffimi 6±l^ J&^tnL^l 7tSWB&ikRl 6 
Tfc5Mg F 2 (RffO. 12am) SrflfFtf— ASS* 

[0074] X^0. 03tfc5Zn fl . 97 Mg 0 .o 3 Ol 
Sr^S^fflv^t #^SSft-ffiE«H**rig 1 l}^r o 

mttc d sRSrsuiK^i *tz±m®tL<D%)mt mmmx 
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1 21C7^ Q Mx&mittZk, ZnO^ffi^fc* 

ZnOmtDmFHgmJlXx (eV) £C IGSjgDff 

(eV) icon tt^-0. 1 

(eV) -C$>i9. flZnO^Sf^»^ 
ZnO/Zn (O, S) 0#ffii£:fcl^Tll3*£tfSif 

«>, CIGSIRi:^t7t7h (xi-xi) «QEfc* 

HKra £ *t fc$h*teJ s t h h fcv \ mil ^ 

# ^ Z n, . x M K x OlS-iBcfflv ^ ^ ir ot, ± 

[0 0 7 5] Jfc*5, »fe^j2-ef4, Z iilxMkx OR£r 
Z nOiMgO602Jc^^y^!; V^ffiiCioT^ 
fo^^*C«>ffiRC0MKOS:iS»DL7t (ZnO 
+MsO) h^^ttZn^xM^ 
OR^j£T*#3 0 Zn^Mg^OCZnOW 

iSffifetnJg#*ftrr^5 Z n (O, S) R£r/Bl^fcri\ 
CIGSKiOt7t5/ h^i. 3eVH±(?)ZnSl 

C d £ K— ^ LT p ff^C I G Sitllcgfl % n^O* 
[0 0 7 6] 9HkM3) HSS^J3-e^ Hj®#j®lGD 

mmmsxix s^i lirbT^^at^ ramai 

1 2 t LTMoR 1 3 Gfe»iR») t LTC 

u (In, Ga) Se 2 . 1 4 OSUi) fcL 

T. t^fD^W^ZrivAh.zrOj.jvS (0< 

y< 1) N ±i$wMmi siui to, sjffiSstmi 

6 t LtMg F 2 Srffl^fco /jste, ^#11 1 3 O^ffi 
Ktt. 1 3 a t LT, Cu (In,- Ga) 

[00 7 7] HSSCT3 0*HWB6-Ctt, A 1 2 0 3 
ZnO<t9 t«FiH»*aS/hSv^i:*»e>, ZnOB: 

5^t^^x*#So Zn Y Ah. 2Y 0,.„jatZnO 
9—¥y hiAl,0,^-yy h<7>2 7cl3^^y^T* 
JKRfcLfc. ZntAl fc^ffl^tttt, 2o^-^ 7 h 
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\citt%*w,wftL<vmmhm<v£fc&, a 1 3 !c^-r 0 

®mtVXtbZ>„ Zn r Al l . lv O > ., r ^ct><D®^Jt 
(Al/ (Zn+Al) } Wfifcjso. ltWiStt. 
A 1 Sr&SfJD LTV vfev * Z n OJiSSrJBv ^fc^# <t 9 t>^& 

iJCJ:9Zn,Al,. l ,0,., T «6SHSffi*iWbUT» am 
S^^5fc£t#;LP>;ft,.5„ Al/ (Zn + 

Al) OfflBSO. 2*^b0. 7*-CfK»*6S|ai±U « 
fS— ^iJfcot^S. wixl*. A 1 , O, (DmoEti* 
dticj; flJgt^^F-RfWtfSC I G S«W>tix 
J:!3W^</«e5fc*-Cfe5 <> jSfefr, Al/ (Zn+A 
1) <om*0. 7JJJLh-C«x a*)Si#icfiTtr^ 
-So -ttfi. Zn, Alj.,,0).!, fl^WST^fD^j x i t 
C I GSJg|<D«T-M?n7Jxz (x,-xi) ^0. 

5 eVtLhi:/«c!5 > Zn,Al 1 . 1 ,O s . ! ,I^i)'i 

c i g sm-e?m&£ivti*-r y t-*sshtj5c< 

^If^-tt-SrtiCtoT. Z^Ah.^O,.,,^ 
om^foWWT-g\ Al/ (Zn+Al) CDfflDS* 
0. 2~0. 7©ffiffll*j-caQjSSMSi4«eaSre#5r4:i« 

[0078] &:fb\ C I G Sgf©g«tb (G a/ 
(In+Ga) ) *»b**S^iti±o-rCIGSHt 

iiiLTZn,Al ! . ! ,O i . ! ,MIV^, AlO 
ffcfc> 9 Kill b ®l7C*£:ffl ^fcZnrGa^nO,.,, (0 
<Y<1) ^fc|^fc8!l*as»e>*L5. fcfc'U m& 

[0 0 7 9] (*»J4) SBifi0lj4T?H:, ^6S^«|30 
«§fl*3 0 (dov *TfEMLfc— fcllcov ^TfSi^i-So 

Tg&flfflHl 2i:LtMo& ¥*M«f 1 3 i LT C u 
(In, Ga) Se,, 1 4 OSS) £ LTZ 

n 0 ., Mr.., OK. 5iLTITO, Sit 

KihKl eiUMgF,, *ePi3 1 (/<y7r- 
S) tLTAUO^fflV^ fcfe\ *mtm 13 © 
^ffifCtt, ^®^£^« 1 3 a t LT. C d Sr^^-fr 
fcCu (In, Ga) Se.WLfco 

[0080] ^wmu oeuB) (om^wta 

AxiifiWIiS MUX® om^f-^fP73x 2 to 
^ (xi-xi) «\ 0~0. 5 e V©i!lrt-e*5„ S 
fc. l©«**Stfj5c,.. (eV) tia^Fn 

TJx, (eV) irtt, (*,-%,»*) SO. 5 (eV) 

©BB»««fcr. offiKfettSQfefifiJ 2 £ IRHS-Cfe 
5. fc*>\ A 1, 0,il^k'-A7if icicTC 1 G 

[0081] a i j Oj rogw&g*.fci$©, ±mw&<n 
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^f^biCOV^-C, El 1 4 tC7frf- 0 -^T% 
CD$lS£ti, A 1 2 O, (Om^-ifiO <£>H# (AhO,^^ 
B#) ff>im>X'ffl&lkL.XabZ>o A1,0, ©JlSlfas 1 0 n 

mssfa«5tis i: * •) . wm-<omm\z. & <o m®m 
Sfcov ^-c^tsc^s, s-f. ai,o, ©j&sa* i o 

nmJ:») CIGSfeSpAl, 
O, IK<D8BSi&aHg< . UftmzC I G SI^EKl Z n 

J55^C. CIGS)K#®ro^(^^Sig5tJDU 

[0082] ^(d, iffigtBW^IijJS 1 0 nmi 9 t>*# 
< **taEKBW*as|STb. 5 0 nmRfcTTJHIttCflrF 

A 1 2 0 3 ISC I GSmt Z n.^MR, Offlte-CSgfifcSih, 

20 J: 9 h>-*/i-WMt)ZW8ib\zm'>U tftmW&T-tZ. L 
M ! ot, *F*fa*ja*C I G Scom-f-^fP7J<t 9 t 
0. 5 e VtJLh/h$V^^a^^y7r— SirLTffl^ 
J^*5 0nm^T#$?£L< % Sfc, ftg 

[008 3] /«CSb\ iteigyicoftb 9 id. HffitfJ 2 TiE^ 
fciSSStf;©¥*«i (ffi-^MfP7j^5^KK3Ul<Dm-?-MfP 

ra«««s*9s»e>ix«. *t, feSitLt. ai.o, 

[oo84] <mm\s) ■mm.msx^ mmm^2x 
5„ ^^j5-e«, «»ii4 mm) %BBtu ^ 

&\o<D±m9fikxte s m&\ 1 > Lx#77ig, tsp 

!»12>LTMoE ¥iftil3iUS5rig 
^•yrfcCu I n (S e,., S») (OSX^l) , ¥ 
»«114 (^S) tLT, Zn„.,Mg.. 2 OflS, ±n 
40 ®®H1 5iLTlTO, SW5itmi 6>LTMgF 
2 . ^*S2 1 (/^>77-I) fcLTZnSBt (St 
IlOnra) $rfflV^ /«c*5, ¥^^13(^II.C 

(t, mm^mtfcm is at lt, c a sr^^r^-^cc u 

In (Se.-.S.) zMSrffMLTto 
[0085] CuInS,ttCuInS e , iOt^WfrM 

£\ Ell SiC^i",, CuInSe, 
50 JM (X=0) $rffl^7tNPO^fe^-CS*&ftbfcflrc*> 
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[0086] eii sizjrrrxoi^ s<nmmmx&o~~ 

X>0. 8RJ:fli»%H-5. ^tUiWTOStfe 
tci^o CuInSe 1 lC*tLTiiZn,.,MKo.iO 

m&mf-majjitmo. 3ev/j>£v\ L^ot, x 

H«lfe©*f*fciifcfc-*-. — *\ S©HS*xas;fct<# 
St, Culn (S ei .,S,) ,^»m^fi]^i6S}^ 10 
-f^o rcOB3\ Zn 0 ..MKo. J 0»a: J ?Bfp^Jx l (e 

v) tcuin (s ei .,s«) toym&Ktobxi (e 

v) osz,- Zl <o. 5 <omh*mtc-rim-? 

Jirr«i» <0 (eV) 

3feSfc0!li*iJ:U t 

[0 0 8 7] fc*J. r. CXii. 3fcKJfcS£ LTC u I n 
(Se,.,S,) ,fll$:fl!V\fc;6S, Cu (In,.,Ga,) 

se,ss (o^x^d ^mkttMmjmibth*. r 

C uG a S e, cDH^Bg£?D7j«:C ulnSe,© 
^*t<fc<!)&)0. 6 e V'b^^bfrh. Gaii$Xt: 
<fc 9 ®^«l?P;>3fi*:£ < mttZo tztz U C u (In 
,.,Ga,) Se,JS©XAS^bLTt>, -frftfCSbTt® 
^f^P^Sr^f-S^gSriSffl-t-S dtiCfcQ Sit, 

£fc, PMtiCCu (In,.,Ga») (S 30 
e l . r S r ) ,BRCi3Vvc, mrFgtfUfii-i, Ga01|$ 

ftrttifclfcbT. «?*fttf3aso. 5eV/N*t,Mgai£ 
[0 0 8 8] £Lk. *^W^6S^ffi(CO^TgiJ^W 

[0 0 8 9] ttx.«, immmmxi-z. m&tstt 

«b»»e> AW bfcftic £oT3g«i-5;^m?&£* bfc 
[00 9 0] 
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tmktiz. d*u±, Htjf^fflrt<om j f-i^fp^^^r-t--5 
[oo9i] sfc, *5i^©a52<D±nmTii, mm 

ii-^Zn^.C.O (fcfcU 5c^CliBe, Mr, 

9, o<z<it"fo^ ) x~%t£Hz>mm*3z&frb 

br^Sfe^ mm<oXW>^i<. g|o/<yp^ 
[Ell] *38W«o*8(MWfctcov »t, — M&jjSrflffffi 

[in 2] *mw<D±mnma\,^x, tero-^j*r^i- 

[El 3] HHic^LfcicSajmJcio^T. /<vKHlco 

[04] tJS(5CD*»®?ifciCOV K0CO— 

[El 5] *M©*llftlcoi, »-C, •?:<£#,<?>— #ij£r 
^-tl&rEElT-fcS. 

[ei 6] ^mm<o±mnMic-oisXs ^<b\^<rxm> 
[ei 7] *mm<D±v%ms&<o— tmi^^x. u> *g 

mWffiSsm, *s£zfi (b) ffl#^£^^:7T-fc 

[El 8 ] 2B8W©*»W&©— 0ilj|iol >T, ( a ) ft 
**H*\ *3ctU« (b) mmm*?rrty77X'h?> 0 
[El 9] fflfiSJtC0^C-5Zn 1 .xMK,0^wOV>T v 

[010] Z n.^Mg, Ol©MgM$^tJ-f 
fcir^CD, Z n, .» Mr, OlTOt^^li C I G SK 

<nWr?mot)b<Dm!nmk&7F?y : 7-7X'hz 0 
mil] *m$<Djmwk<D—m\zr>\ ^x. mm- 
nmm.^Tfrry^yx^,^ 

[Ell 2] Z n.^Mg.OISOMfi^tWbCS 
[Ell 3] Zn Y Al,.,rO,.„ffll«t , ©Y©ffl[Sraab 

t # cd, mmtmmm<n>mt^^ir^^ 7x&> 
ieii 4] /^7r- mxfoZAitOimDmm&u 

[Ull 5] *KlR»"C&5Cu I n (Se^S,), 
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10. 10a, 2 0, 3 0 M 
1 1 MEL 

1 2 Tunm^ 

13 *mwm (m2<D¥mitm) 
i3a »w¥m»m 



C1D mm 2000-323733 

20 

* 14 ^iftl 

1 5 ±&5®®jg 

i 6 uuttpiitm 

17 f&9tttU 

2 1 ^mtm 

3 1 
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Jsc = 37.6 m A/cm 2 
Voc =0.629 V 
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